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{57 Abstract: xeds 1yt
PROBLEM TO BE SOLVED: To provide a structure of a liquid crystal T "
display{LCD} and to provide a method for forming it.

SOLUTION: A black matrix laver and a color filter layer 130 of an LCD
are transferred from a color filter substrate to a TFT substrate to form a
color Biter on a2 TFT (COT) structure. And an aperture ratio can be
maximized by disposing & spacer constituted of photorasist or color
photoresist on each part of the area covered by the black matrix layer
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{9 HEREE]

LIQUID CRYSTAL DISPFLAY STRUCTURES AND METHODS OF

FORMING THE SAME

. A hauid erystal duisplay. comprising:

a black mairix layer on @ first subsirsic having a control ciroudl thereon, and @
plurality of cpenings w the black masrix layer ro expose the first substraie;

a colop filter dayer on e Dack matix tayer, which is composed of a plurality of
color filter sheets respectively aligning with cach openiag;

a pixel electrode layer on the color filter sheets, which 15 composed of a plurabity
of pinel electrodes raspectively akigning with sach color filter sheet;

a plurality of photoresist spacers an the mwel electmde {ayer, which are located
ot partions of areas coversd by the black mawix faver;

a fiquud crystal layer on the pixel clectrode Javer, which 8H space among the
photoresist spacers;

2 comumnon elecirode on the hquid erysiad layer and the photoresist spacers; and

a second substrate on the common electrode.

2. The Hguid crystal display of Claim 1, wiwrein a color of the color filter sheess

is red, green oy blue

3. The liquad erysial display of Claim 1. wherein & matenial of the pixel

slectrodes comprises wadium s oxide.

4. The lgquid orystad display of Claim }, wherein a material of the common

slecirode comprisss indinm tin oxide.



4. The Dguid crystad display of Chum {, wherain 3 hacdness of the photoresist

spacers is sbout IH to about §H.

& The Hquid crysial display of Clamm | wherein a boght of the photoresist
spacers {3 about 1 1o about 10 pom.
7. The figud crystal display of Claim 1, wherein g matesial of the ghotoresist

spaver comprises acrylic rests.

8. The Hguid crysial display of Clsim 1, wherein 3 materigl of the photoresist

SPACET COMPTISES SPOXY-TEsin.

& A method of orming a liqud crvstal, the method comprises:

forming 3 black matnx fayer on & fiest substrate having 4 control ciecuit thereen;

forming a plurality of openings in the black matrix {aver to expose the st
substrate;

forming a color filter fayer on the black matrix layer,

forming a plurality of pixel electrodes on the cofor filter to respectively align
with each of the openings;

formung a plurality of photoresist spacers on the first substrate to be kacated on
portions of areas covered by the black mamx;

parallel assembling the first substrases and g second substrate having & common
clectrode thercon, whersin the photoresist spacers and the common cheuode o

betweasn the first substrate and the seeond substrate; and



forming a Houid crestal isyer hetwesn the fest substrste and the second

subetrate.

14 The method of Clatm 9, wherein a method of forming the photoresist spacers

COMprises;
forming a photorestat layer covering the pixel slectrodes; and

pattermag the phetoresiat layer to form the photoresist spacers.

11 The method of Clam K), whereln the patterning method compriscs

exposure-developing.

{2, The method of Clavm 10, wherein the patterning method comprises

EXPOSLrE-LICRIng.

13 The method of Claim %, wherein 3 hardness of & material wsed o form the

photoresist spasens iv aboot H & sbewe 4H.

14. The method of Claim 9, wherein a haight of the photoresist spacers is about

{ to about 10 um.

£5. The method of Clsim %, whersio 3 material used to fome the phowresiss

spaeers comprises acrylic resin



16 The method of Claim 9, wherein a material used w form the photoreaist

SPACETE SOMETISAS SPRXY-FEsia,

7. A method of forming o Hauid crystal display, the rmethiod somprising

forming & black mairix Jayer on 3 st substeale having a controf cirouit thereos;

forming & plucality of opemngs in the black matnix layer o expose the birs
substrate;

forming a color filter layer on the black matrix layer;

forming 2 phurality of pieel ebectrodes o e color filter laver 1o respectively
align with each of the opomngs;

forming a pheality of phetoresist spacers on 8 sscond subsirele baving s
common clectrode thereon;

paratiel assembling the first substrate and the seeond sudstrate, whemss the
photoresist spacers and the pixel electrodes are between the first substrste and rthe
second substrate; and
forming & lhgmd crystal laver between the first substrate and the second

substrate.

13, The method of Claim 17, whereln 2 method of fomming the photoresist
spacers comprisas:
forming a photoresist layer covering the commaon electrode; and

patterning the photoresist fayver to form the photoresist spacers,

e
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19. The wethod of Claum 18, wherein the patterning method comprises

expasure-developing,

. The method of Clalm 18, wherein the patwrnisg method comprises

gxposurs-stehing.

21, The method of Ulaim 17, wheresn # hardness of 2 material used o form the

photoresist spacers g sbout 2H 1o abont 4H,

2. The method of Claim 17, wherein 2 height of the photoresist spacers s about

! o ghow 10 g

23. The methed of Clalm 17, wherein a materdal used to form the photoresist

spacers comprises aerylic resin,

24, The methoed of Claim |7, wherein 2 material used ® form the photoresist

IPRCErS COMPRsSEs Bpoxy-xesin.

25, A hauid crystal display, comprising:

a first substrate having 3 control circuit thereon;

a black matrix layer on the first substrae, and a plucality of openings jocared
therein;

a color filter layer on the black matrix layer, which iy composed of a plurality of

cotos flter sheets respectively aligning with each opening;

M



3 plurality of photoresist spacers on the solor filter, which are locaed on
portions of areas coversd by the black matrix;

a plueality of pixel electrodes respectively on each of the calor filter sheess, of
whink a height i lower than a haight of the photoresist spagers;

a Jiquid crystal layer on the pixel efectrodes, which Sl space among the

pholaresist spacers;
g common electrode on the Hquid crysial layer and the photoresist spacers; and

3 seeond substrate ont the comminn electrode.

26 The Hgwd crvsial display of Claim 25, wherein a color of the calor Slter

shewis s red, green or blue.

27, The hpuid cryswl display of Claim 25, wherein a material of the pixel

elecwades comprises indiom tin oxide.

28, The liquid cryssal display of Claim 25, wherein 3 material of the common

clecteode comprises indiam tin oxide.

26, The method of Claim 23, wherein 3 handness of 2 material used to fonu the

photoresist spacers 1§ abaut 2H to shout 43,

33 The liquid erystal display of Clatim 23, wherein a beight of the phowresist
q 2id) g

spacers is about | 1o about 10 uny

Ny
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31 The ligaid orystal display of Claim 23, whersin a material of the photaresist

spacers compnses acryhic resn.

32 The Higuid orystal display of Claim 23, wherein a material of the photoresist

SPACETS CORIPUISES SPOXY-Iesin.

33 The hqud crystal display of Claim 25, wherein the phototesst spacers

soanprise color photoresist spacars.

34 The Hqud orysial display of Cladm 23, wherein the photoresist spacers ane

composed of 2 plurality of stacked color photoresist,

35, A method of forming # ligquid crystal display, comprising:
forming a black matrix layer on 2 fiest substrate having a contro! circuit thereon;
forming a plurality of openings in the black matrix laver 1o expose e first
subsrate;

forming a color Glier laver on the black matriy laver:

foromting a plurality of photoresist spacess na portions of arees coversd by the
black matnx layer;

formug 2 phaality of pixel slecirodes on the color filser layer to respectively
align with each of the openings;

parallel assembling the first substrate and 2 second substrate having a common
clocirede therson, whersin the photoresist spacers and the common cloctrode sre

between the first substrate and the second substrate; and

Fog
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fooming A ligquid crystal Jeyer between the first substrate and the second

substrats,

36. The method of Claim 35, wheretrr a method of forming the photoresis
SPACErS COIMPrises:
forming a pholoresist iayer covering the color fiter layer; and

patterning the photorasist tayer o form the phaioresist spacers,

37 The method of Chim 36, wherein the patiernisg method comprises

exposure-developing.

38 The method of Clann 36, wherein the patteming method comprises
pa g P

expusige-elohung.

39 The method of Claim 335, wherewn a hardness of a material used to form the

photoresist spacess 15 about 2H 1o ahout 41,
¥ B

30, The methed of Claim 35, wherein a height of the photorggist spanees is ghout

o about 10 pm.

43 The method of Clawm 35, wherein a mothod of forming the pixet elecirodes
comprising:
forming 8 transparent conductive laver on the color fiter fayer and the

photoresist spscers; and

24



removing poctions of the wansparent conductive fayer o the photoresist spucers.

34, The methed of Clam 41, whercin the remeoval method COmpises

.

photolithography-etching.

23, & method of forming 2 liquid crystal display, comprising:
forming » black matna layer on a oyt substrate having a control cirouit thereon:

forming a plurality of firsr, second and third openings in the black matrix isyer

1o axpose the first substrate;
forming a firg color photoresist on the first substeate;

patterrung the first color photoresist 1o farm a plumiity of Hest filier sheeis

respectively sligning with cach of the fust openmgs ard o plurabty of first spasers

focated on portions of areas covered by the black matrix,
forming 2 second color photoresist on the first substrate;
patterning the second color photoresist o form a plurality of second filter sheets

respectively aligning with each of the second openings and a plurality of second spacers

regpeciively stacking op the Arst spacers;
forming a thied color photoresist on the st substrate;
patterning the third color photoresiat to form a plurafity of thurd filier sheets
segpectively aligmag with each of the third openings and a plurslity of shird spacers

respectively stacking on the second spagers;

forming « pluratity of pixel eloctrodes respectively on the Best, second and third

Filrer sheets;



pareliel sssembling the Sest substrate and & second substrate having 3 common
electrode thereon, wherein the photoresist spacess and the common slecirode are
between the firgt subsirate and the second substeate: and

forming @ Hguid crystal layer betwesn the Grst osubstrate and the second

substrate,

A4 The method of Clum 43, wheretn 4 method of forming the pixel slectrodes
camprising:

forming 8 vansparent conduetive faver o the frst, second and third filter sheets
asxd the third spacers; and

removing portions of the texnsparent conductive layer on the third spacers

45, The method of Claim 34, whereln the removal method comprises

photolithography-etching.

44, A Liquid crystal display, compeising:

a first substrate having 4 control cireuit thereon,

a color filter layers on the first substrate, which are composed of a plurality of
cotor filter sheets;

a plurality of pixel slectrodes respectively sligning with sach of the color Sier
shieers,

a black matrix layer on the pixel electrodes, which are loosted around the pixel
clectrodes;

2 pluratity of phoioresist spagers on portions of the black matrix laver
e ¥ B X



a ligquid erystal ayer on the pixel electrodes and the black matrin ayer, which
tilt space among the photoresist spacers;
a somumon slestrode oo the Hguid crysist layer and the phetoresist spacers; and

2 second subsiraie on the common skactiode.

47, The liqd crystal display of Claim 46, wheveln a color of the ccdor filter

sheets s red, green or blue.

48. The liquid crysal displsy of Claim 46, wherein a material of te pixel

slectrodas comprises indium tin oxide.

45, The liguid crysial display of Claim 46, wherein a material of the common

electrode comprises indium tin oxids.

S0, The liquid cryseal display of Claim 46, wherein a hasdness of the photoresist

spacers s abowut 2 1o about 4H.

33 The hgquid erystal display of Claim 46, wherein » height of the photaresist

spacers is about { to shout 10 um.

52, The biquid crystal display of Claim 46, wheraia a material of the photoresist

spacer comprises acryie resin,

¥



33. The liqud crysial dusplay of Clawn 38, wherein o materiat of the phaioresist
5PACAY COMPrises epoxy-resin.

34, The liqmd orystal display of Claim 46, wherein » hewght of the black maix
15 about &1 0 &y,

35, A muthod of forming a liquid crystal display, comprismg:

forming = color fiter Jayer on a {irst substrate having a contol circust thereon,
which is composed of a pluratity of color Blter sheets:

fmning a plurality of pixel electrodes on the color filter shests. which
sespectively align with sach of the color filter sheets;

forming a back mateix layer on the pixel cdlectrodes, which are located around
the pixel clectrodes;

forming @ plurality of photoresist spacers on & second substrale having s
common slecrode thereon;

parailel asserabling the Gt substrate and the second subsirate, wherin the
photoresist spacers and the black matix are between the first substrate and the seonnd
ubstrate and are aligned with zach other; and

forming a Hgwid corystal laver between the fiest substrate and the second

substrate,

36. The methad of Claim 35, wherein method of forming e pbotwresist SRRLLTY
OMprises;

forming a photoresist layer covering the common electrode; and



patterntag the photoresist layer to torm the photoresist spacers.

37 The method of Clum 36, wherein the paterning method comprises

exposure-deveioping

%8, The method of Claim 36, wherein the petierning method comprises

exposure-steung.

3% The method of Claim 35, whersin & hardness of 8 material used 10 form the

photoresist spacers i about 2H 1o about 4H.

0. The method of Claim 55, wherels @ height of the photoresist spacers s about

Pt abow 10 wm,

61, The liguid orystal display of Claim 53, wherein 3 material used fo form the

photoresist spacer comprises acrvlic resin

62. The hiquid crystal display of Claim 55, wherein 2 material wsed to form fhe

photoresist spacer comprises epuXy-resin,

83, The liguid crystal display of Clatm 55, wherein ¢ height of the black matrix
LS L p tl g

s about 9.1 to 6 wm.



BACKGROUND OF THE INVENTHIN

Field of nventicn
The present invertios relates to hguid crvstal display (LOD} structures andd
metheds of formnag them,  More pariculacly, the present invention relates o LOD

structures of intograting a black matric and a oolor fiter into 3 substrate having a

conired circuit thereon and methods of fooning the same,

Deseription of Related art

Liquid cryseal display (LOD) has many advantages over other conventional tvpes
ot dispisys including high picture quality, small volume occupation, lightweight, low
voltage driven snd low power consumption. Hence, LCD 5 widely used in small
portable televisions, mobile ieicphones, wideo recording wans, notebook compuiers,
desklop monitors, projector televisions and 50 on LCD gradually  replaceg
comventioned cathede ry uhe {CRT) 85 2 mainsiream display unic.

The main part of LCD ix Giguid coystal (0G0 unit composed of two paralled
wansparent substrates and LC scaled therein,  The mainstream of the LOD is thin fim
warsister {TFT) LCD.  The fabrication processes of a TET-LCD can be divided o
four parte: TFT array process, eolor Fiter {CF) procesy, LO cell agsembly process, Houid
crystal module {LOM) process.

The TFT array peocess is used 1o fabrisste & TFT subsirae Pach TET

respectively wigns with ene pixed clectrode. The CF process s wsed 1o Sabnicate colur



filter substrate. A color fiiter aver composed of differcnt color Blier sheet is on
color {iier substrate, and a black matrix layer surrounds sach color fiiter shest.

The LU cell assembly process is used o paralle! sssembles TFT substrate and

CF substrate, and bead spacers spread berween them © maimain 4 (xed distance, e,

H gap, between TFT substrate snd CF substoate.  LC is injected into the coli gap then

the igjecucn opening s seaded. Basically, each pixel oleewods is cespectivaly
corresponding to one color filter shest, and the black matrix laver covers on TFTs and
metal lines that connect different TFT

The LUM process 15 used to attach a polarizer to 2 panel, and electricaily connecy
driver IC and panel circuit. Then a reflector and 2 back-light ase assembled on the
panel.  After 2 burn-in step, the LOM provess is finished.

Generally speaking, the direction of liguid crystal molecule axes, whish are
comizotied by TFT, determines whether each pixel is pervious to light or not.  The
color of each pixel is determined by the cofor of color filter sheet.  For exaraple, whan
light passes through a red color filier sheet, a red spot is shown on the panel  Mixing
red, green and bhae colors can show futi-color images.

Since the molecular anes of Hguid orystal melecules, which are hatween pixel
electrodes and color filer shacts, have 10 be coutroiled preciselv, the color filter sad the
TFT subsirate must be aligned precisely.  The rolexable error of alignment is only
within seversl micron metees

The heat coefficients of cofor filter subsirale and TET substente are different,
herce the precise alignment of pixe! elecredes and color filter sheets is hard 1w avhieve.
Decreasing the product vield and increasing the production tost are cansed by this

problern. With growing size of substrates, the problem is getiing serious.  Therefore,



bght leakage and coin murs on panel is produced.  Bus for increasing the size of black
mAX 1 ncreage the alignment precision, the color contrast and brightoess of LCD is
decreased.

Another problem i5 the random distribution of bead spacers.  The bead SpuCeTs
may block some of the pixel arca.  Hence the aperture mtin of LOD is decreased.  Por

smaller pixel area or for high-resolution panel, the problem i3 more serious.

SUMMARY OF THE INVENTION

An object of the invention is 1o provide a liguid orysil display sructure,
wherein a black mamix and 2 color filter layer both are on @ conteol circult substrate and
prxe] viectrodes are on the color Giter layer 1 incresse the slign preciseness of the color
fikter fayer and the pixel slectrodes.  Besides, phototesist spacers are used fo teplace
the cenventions! beud spacers in increase the brightness and coler contrast of 2 liguid
crystal display.

The liquid crystal display struciure comprises a first subsizate having & cooteol
circuit on i, and a black mairis layer, & coloy filter fayer, a puxel electrode fayar, a
pieradity of photoresist spacers, a liquid crystal faver, ¢ common clectrode and 2 sscond
subgtrate are iy hurs on i

A plurality of openings are in the black matrix layer to expose the Sest substrate.
The color filter layer is compased of a plurality of color filier sheets aligning with cach
opening.  Each pixel electrode aligns with each color filter sheet,  The photoresist
spaceys are located on portions of areas covered by the black matrix. and their hardiess

is preforred to be about IH 10 abowt 4H and their height is preferred to be gbout | to
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about 13 pm. The photoresist spacers alse can be composed of mult-Javered color
pholoresist,

Agother object of the lavention 1s 1o provide methods of forming a fiquid ervstal
displsy to increase alignment preciseness berwesn color §iker sheets and pixgl
slecrodes, and phoforesist spacers are used o repizce converional bead spacers.

Accordingly, 1 an embodiment, a black mstrix Jayer is formed on a finst
subsirate having a control circuit thereon. A plurality of openings are formed in the
black mawix laver 0 expose the frst substate. A color filter laver is formed on the
tlack matrix layer, A plurality of pinel vlectrodes we formmd on the color filter to
ahign with esch of the openings. A plurality of photoresist spacers are formed on the
first substrate fo he located on portions of aress covered by the bisck matria.  The first
substrate and 3 second subsirate having a common elvetrede therens are paralied
assembled, whetein the photoresist spacers and the common clectrode are betwaon the
first substrste and the second substrate, A liguid crystal laver 5 formed betwarn the
first substrate and the second substrate.  The order of the step of forming the
photoresist spacers and the step of the pixe! slectrodes tan be exchanged.

I another embodiment, x black rmatny fayer is formed on a first substoate having
& conteol cirouit thereon. A plurality of openings are formed (n the blsck mamix laver
to expose the first subsirate. A color filter layer is formed on the black matnx layer.
A plurahity of pixcl cleotrodes are formed on the color filter layer to align with each of
the openings. A plurality of photoresist spacers are formed on 3 second substraie
having a common slestrode thereon.  the first substrate and the second subsirate am

parallel assembled, wherein the photoresist spacers and the pixe! gleptrodes are between

I
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the first substraie and the sccond substrate. A liquid ervaial layer is formed botweoen
the first substrate and the second substrate,

A further object of this inventioa is 1o provide 2 method of forming a liguid
crysial display, wherein rufi-layered colur photeresist are stacked te foma photoresist
3pacers.

In this embodiment. a bisck mateix layer is formed on & first subsirate having a
control cirenit thereon. A plurality of first, second and third cpesings are formed in
the black matrix layer to expose the fiest substrate, A first color photoresist is formed
ore the Hest gebarate. The frst ooler photoresisg is patierned to foan 3 pherality of first
fiker sheets aligning with each of the first openings and a plurality of Jrst spacers
ncated ba pertions of areas covered by the black matrix. A second color photoresist is
formed on the first substrate.  The second coler photoresist is patterned 1o form o
plurality of second flter sheets aligning with each of the second openings and a
plurality of second spacers overlupping with the first spacers. A thicd color photoresist
is formed on the first substeate.  The thind color photoresist is panterned so form a
pineality of thind filier sheets aligning with each of the third openings snd @ plurality of
third spacers evarlapping with the second spacers. A plurality of pixed electeodes are
respectively formed oo the first, second and third Glter shests.  The Srst subsirate end 8
second substrate haviag & common sdectrode thereon are paraliel assembled. wherein
the photoresist spacers and the common clegtrode are hetween the Seut substrate and the
seeond substrate. A liquid ervaial Jayer s formed bepween the fiest subwiriie and the
second substraie,

As embodicd and browdly deseribed herein, the invention provides liguid crysial

structures and methods of formiag the same, whersin the black mamix and the calor
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fiter are moved from the color subsirate © the control cirouit substrate.  Since the
adigrment preciseness 15 mostly controfied by phatolithography, the alignment sror can
be greatly ceduced W below micron mewr.  Moreover, the photoresise spacers are
tocated ou portions of areas covered by the black marlx, the brightness and te color
covirast of the Uguld erysial display can be hughly rused.  Beside, the color nintoresist
is alse used fo form spaecers. the production cost can be largely reduced and the
production vield can be largely promoted.

{t 15 1o be understood tha both the foregoing general description and the
follawing detailed deseription are exemplary, and are intended tw provide further

explanation of the invention a3 claimed.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiment {

Figs. 1A ~ 1D are cross-sectional views schematically {ustratag a fabrication
process for forming 2 thin film wansistor Equid ceystal display according to 3 Jrst
preferrad embodiment of this iavention.

In Fig. 1A, a black matrix layer 110 is formed on a st sabstrate 100 having a
TFY circuit thereon,  The black matnix layer 11015 patterned to cover TFTs and metal
tines of the TFT circult and openings 120 are formed therein.  Each opening 130 i
oorresponding 1 a pixel  The black maric layer 110 is a material such as
chromium/chenmium oxide, oxy-resin or black resin.  The black matrix faver 110 13
formed by 2 method such as physical vapor depositinn or coating followed by

pasterning,

L]
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In Fig. 18, a color Siter laver 136 18 formed oo the black mawix lnyer 110 The
color filter laver 1301y eosmpesed of codor filter sheets |30, 138h and 138z of varions
colors. Rach color filter sheet 130, 130b and 1300 aligns with sack apening 130w
erense the color contrast berween adjaceny pixels.

In Fig. 1C, pisel elecuodes 140 are formed o respectively align with #ach
epering 120 Pixel elecodes 140 are transpatent.  For example, # material of piel
slectrodes 140 15 indium Hn oxide (TTO).  For example. sputtering 2 trangparent
conductive layer then followed by photolithography forms the pixel elecirodes 148

A photoresist lzyer is formed o cover pixel slectrades 190 The photoresist
luyer {3 patterned to form spacers 130 an portions of black matrix 19 © maximize the
sperntee o, The height of spacers 130 s preferved 10 be T ~ 10 wn, and die
haridness of spacers 130 is preferved o be 2H ~ 4H 10 mainiin & constant vadue of the
coft gap. A material of the phoioresist layer is, for example, acrybe resin or epoxy-
resin st as OPTMER NN 538 or OPTMER NN700 sold by ISR Company. For
example, the patterning method compeses photofithography or exposee followed by
atching.

1 Fig. 10, & common slecttode 170 is formed on 3 second subsirate 180, A
material of the second subsirate 180 is, for example, glass or quartz.  The common
siectrode 170 is wanspareny, ard 3 materis] of the commen electrode 170 is, for exampie,
indinen tin uxide.  The formation method of the common electrade 178 15, for example,
spuftening followed by siohing.

The first subswate {00 and the second substraie 130 are paraifel assembied
twgether, and the common efecixede 170 and the spacers 150 ave lovated betwees them,

The isteral side of the cell gap hetween the first substeate HI and the second substeate

il
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180 is sealed except reserving an opening (nof shown in the Fig. 1D} for liguid orvual

wpeeting.
Liguid erystal is ingected into the cell gap from the Jateral apening ro fom a

fguac eryseal fayer 1800 The opening s sealed.  The process of manufacturing TFT-
LD 15 completed.

From smbadimeat { described shove, the black matrix and the color filter fayer
are moved to TET substrate to form a coler filter on TFT (COT) strusture.  Recause all
precise alignmenis are done on the TFT substrate, no alignment consideranans are
needed when the fiest substrate and the second substrate are assembied.  Hence the
COT swucture can largely werease the production vield, morcaver, it can be apniied on
the production echnigues of fourth generation or above.

Besides, the spacers are composed of photoresist, henoe the position of spacers
can be defined on black matrix 1 increase the aperturs ratio of LCD and dhas the

brightaess and codor contrast of LOD

Figs. 2A ~ 20} are crossvsectional views schemancadly ustrating 2 fabecation
progess for forming a thin film wansistor figuid orystal display according 1o 2 second
preferved emboadiment of this mvention,

In Fig. 2A, o black matew: layer 210 s formed on 2 first substrate 300 haviag 4
TET ciramt thereon.  The black mateix layer 213 is patterned fo cover TFTs and metal
lines of the TFT circuit and openings 220 sre formed thereln.  Fach openisg 220 is
corresponding to a pixell  The black mawix layer 21 & 4 matenal such as

chromisrvchromium oxide, oxy-resin or black resin, The black matrix layer 210 is



tormed by a method such as physical vapor deposition or couting then followed by
patterning.

In Fig. 2B, 3 eador {iiter fayer 230 is tormed on the black matrix faver 210, The
cotor Blter layer 230 is composed of colay filter sheets 2304, 2300 and 230¢ ot vartous
codors such as red, green and bhee for full-colars LCD. Fach color filter shest 230a,
230b and 2300 aligns with cach opening 320 to0 lnoresse the color contrast bebween
sdjacent pinel,  Firat color spacers 330¢’, second color spavers 230b° and dird color
spacers 230¢7 are stacked on porions of black matnix 210 to form color spacers 240,
The provess is described as belov.

A first color photoresist layer is formed oo the firs subswate 200, The first
codor photoresiss layer 15 paticrned (o simultaneously form fost oolor flter sheets 23a
located on portions of openings 220 and first color spacers 23087 on portions of the
biack mamix 210, Similarly, 2 second coler filter laver {3 formed on the fiest substrate
W The second color photoresist layer s patterned fo simultanecusiy form second
color filter sheels 2300 lecated an anvther portions of cpenings 32¢ and secand color
spacers 230b° on first color spacers 230x".  Fioally, 2 third color filter layer is formed
o the first subswate 200, The third color phoweestst fayer 5 paitormed o
simubtanceusly form thivd color filter sheets 230 focated on rest of openings 370 and
third color spacers 230c¢" on second color spacers 230%°.  Henee the fiest color spacers
230a’, the second color spacers 2300 and the third coloy spacers 3300 are stacked to
form the color spacers 2440 on portions of Black matrix 210,

in Fig. 20, pixel slectrodes 250 are respectively {rmed on color filter shees
233, P38k and 2300, A rmsterisl of pixel slectrodes 230 is, for example, indium tn

oxide. A formation method of pixel clectrodes 250 comprisss steps as folifow. A
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conformel transparent conductive layer is deposited pn the color filter layer 370 and
saior spacers 240 A patterned photoresist ayer 15 formed on the sonductive laver 1o
sover padions of conductive iayer on color filter sheew 230a. 2300 and I3, The
exposed portions of the conducrive laver are removed to form pined elecrodes 150

The parterned photoresist fayer {5 subseguensly removed. A emoval method of the
conductive layer is, for example, wer etohing,

In Fig. 2D, & comumon electrode 270 i foomad on & second substeate 780, A
material of the second substrate 280 s, for example, glass or quartz.  The common
lectrode 270 is transparent, and & material of the common electrage 270 i, for example
indium tin oxide.  The formation method of the common slectrode 270 is, for sxarmple,
sputiening.

The fisst substrate 300 and the second substrate 280 are parailel assembled
together, and the commen clectrode 274 and the spacers 230 are {ocated between them.
The lateral side of the cell gap between the first substrate 200 2nd the second substrate
380 15 sealext except reserving an opening (not shown in the Fig. 2D} for Hauid orysial
wmjeeting.

Liguid orystal i« ingected into the celt gap detween the frst subsirate 200 and the
second substrae 288 fom the kuersl opening to form 2 ligquid rystal laver 260, The
opendng s sealed.  The provess of manufachwing TFT-LUDY s completed.

From embodiment 2 described above, the black mamx and the color fifrer faver
are moved 1o TFT substrate 1o form a cofor filter on TFT {(COT) structure.  Becanse ali
precise alignments are done en the TFT substrale, no alignment considerations are

neaded when the first substrate and the second substaate are assembled.  Hence the



COT structuee oan Jargely incrense the production vield; moreover, it can be applied on
e production techniques of fourth generatinn or above,
in Embodiment 2, the color filter layer and color spacers are simuitaneously
formed, hence the step of forming spacers can be omitted to reduce production cost ang
iwrease production yield.  Besides, the color spacers are located on black matrix w
maxuize the aperture ratic, Therefore, the brightaess and contrast of LU can be

targely increased.

Embﬂﬁ"m&m 3

Figs. 34 - 3B are cross-secional views schernatically Hustrating « fabrication
process for formiag # thin 8l waosistor hauid crystad display according o @ thud
vreferved cabodizaent of this invention, Photoresist spacers here replace the color
spacers in embodiment 2,

in Fig 3A, the process of forming a black matnx faver 310 is as same ss
Embodiment 2 {Please refer to the dlustration of Fig 24} Withow forming color
spacers 240 on portions of the biack matnx fayer 210 in Fig. 2B, the provess of foraung

color filter tayer 330 is basically similar 10 the process of forming the color Glter faver

230 in Erabodiment 2. Heoee only color filter sheets 3302, 330b and 330¢ are formed
in Fig. 34,

A photoresist fayer iy formad 1o cove the color filter layer 330, The photoresist
layer is patterned to form spacers 340, Spacers 340 are Iocated on portions of black
matrix 310 o maximize the aperture rativ of LY. The preferred height of spacers

340 55 1 - 10 pm, and a prefesred hardness of spacers 340 is 2H ~ 4H in pencit hardnesy

to maintain & constart vatue of cell gap. A material of the photoresist is, for example,



acrylic resia or epoxy resin such as OFTMER NN 500 or OPTMER NNTOO sold by JRR
Cornpany.

For example, the pattemning method comprises photolithography  or
exposure followed by etehing.

In Fig. 38, the subssguent process is as same as BEmbodiment
slecirodes 330 are formed on the color Shier layer 330

formed on 8 second substrete 186

2 Pl
A common clectrode 370 is
The first substrate 300 and the second subsirate 180
are parallel bound together, and the common electrode 370 and the spacers 340 ace
tocated between them.  The lateral side of the cell gap between the first substrate 300

and the second substrate 380 is sealed except reserving an opening (not shown in the
Fig. 3B) lor liguid crysiad injecting,

Liquid crystal is injected into the cell gap between the first substrate 300 and the
second substrate 380 from the lateral opening to fomn a liquid orystal layer 366, The

opening is sealed.  The process of manufscturing TET-LCD is completed.

From embodiment 3 described above, the black mabix laver and the colos filter
layer are moved to TFT substrate to form a color filter on TFT {COT) structure.
Because all precise alignments are dons on the TFT subsmate, oo aligement
assembled.

considerations sre ueeded when the first subsate and the secomd substtate are

Hence the COT structure can largely incrcase the product vield, morcover,
1t wxn be apphed on the production techniques of fourth generation or above,
Besides, the spacers are composed of photoresist, hence the position of spacers

can be defined on the black matnx layer w increase the sperture ratio of LOD and thus
the brightness and color contrast of LCH.



Fige. 44 ~ 41D are cross-sectional views schematically illustating 2 Gbrication
provess for forming 8 thin S rassistor Higuid crysial display aceording 1¢ 3 fotrth
preferred embodimen of this nventivn,

In Fig. 44, a black oaatrix fayer 410 is formed on a tisst substeate 446 having 2
TET circwit thereon,  The black matnix faver 419 is patterned to cover TFT2 and metal
lines of the TFY circult and openings 4320 are formed therein.  Bach opening 420 w
corresponding to 8 pixel.  The black matix javer 430 5 2 matedal such as
chromiumichromium oxide, oxy-resin or black sesin.  The hlack matrix layer 410 ig
formed hy a method such as physical vapor deposition or cesting then foliowed by
gatleming.

[o Fig. 4B, a celor filter layer 430 15 foomed on the black matrix laver 410, The
color filter layer 430 is composed of color fifter sheats 430g, 450 and 430¢ of vanous
wofors.  Each colpr filter sheet 438, 430k and 430¢ aligns with each opening 420 to
increass the color contrast between adjacent pixels,

Pixgd elecirodes 440 are formed 1o align with each opening 420 respeerivaly.
Fixel electrodes 440 are tanspareat.  For example, a matesial of pixel slectrodes 440 s
indium o oxide (ITO).  For example, sputtering a transparent coaductive layer then
followed by photolithography forms the pixe! electrodes 440,

In Fig. 400, 2 cornumon electrode 470 15 formed on 2 second substzate 480, A
matenad of the second substrate 480 5, for example, glass or guartz.  The comumon
electrode 470 is wansparent, and & material of the common elecizode 470 i, for example,
indinm te oxide.  The fHhomanon methad of the common slectrode 470 is, for exarmple,

sputtering.



A photoresist faver 15 formed 1o cover common efectrode 470, The phaioresist
faver is patterned to form spacere 458, The height of spacers 350 is preferred o be | ~
{0 . and the hardness of spacers 450 ix preferred ¢ be XH - 4H {pencil hardnesst ©
rabnban @ coastant value of the cell gap. A material of the photoresist is, for example,
acrylic regin or epoxy resin such as OFTMER NN 500 or QPTMER NNT00 sold by ISR
Compary.  For example, the pettemning method comprises photolithography or
exposure foflowed by etching,

fn Frg. 4D, the first substrate 400 and the second substrate 480 are paraiisl bound
together, ad the pinel electrodes 440 and the spacers 458 are locatzd between them,
The lateral side of the cell gap between the first substrate 400 and the secand substrate
480 13 seated 2xcept reserving an opening (not shows in the Fig. 4D) for liquid erystal
inpecting.

Liguid orysial 15 indected into the cell gap between the first substrate 400 and the
seooned substrate 480 from the lateral opening ¢ form a liquid crysial layer 460, The
opening 1 sesled.  The process of manufacturing TFT-LCD is compieted.

From embodiment 4 described above, the bisck matrix and the color filter faver
are moved 1o TET subgtrate o form a color flter on TFT {COT) structure.  Because all
precise alignmentis are done on the TFY substrate, no alignmewnt considerations are
needed when the first substrate and the second substrate sre assembled.  Heancs the
COT structure can largely {ocrease the production yield: mereover, it can be applicd on
the production techmques of fourth geaeration or sbove.

In Embodiment 1, The fabrication steps number on the second substrate 1o lesg
than the fabncation steps number on the first substrate.  Henge the Ivcations of spacers

are moved from the first substrate i Embodiment 1 to the second substeate in this
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Embodiment, and the fabrication steps auraber oo the frst substrate 15 thus decicased.
Alse, the burden of production yvield is transferred from the first substraie to the second
substrate to increase the production yield of the fitm substrate.  Besides, the proesss
window of the assembiy step in Fig. 413 s looser. The process window of the
assembly step is about 10 - 20 pm.  However, the process window of the 3.5%
generation of LOD i5 only abowt 4 - § yum. Therefore the finad production vield is still

remained or even inoreased,

Figs. 3A - 3C am cross-sectional views schematically ilustrating a Fabrication
process for forrung & thin film iransistor liquid crysmi display according 1o & fifth
preferred cmbodiment of this invention

In Fig. 5A, a bizck mawix layer 510 is formed on 2 first substrate 300 having a
TFY gireuit therean.  The black mawix layer 510 i3 pattsmed to cover TFTs and metal
tines of the TFT circuit and openings 520 we formed therein.  Pach cpening 520 i
correspondiog 10 2 pixel.  The black matrix layer 510 is s material such as black xesin,
and its thickoess 15 about 0.1 ~ 6 pm.

fn Fig. 5B, 2 common slectrode 570 13 formed on a second substrate 580, A
material of the second substrate 380 i preferced to be, for example, glass or quarte.
The comunon electrode 370 is wansparent, and a matenal of the common electrade S0
is, for examaple, txdium tie oxide.  The formation method of the common electrode 70
is, for example, sputtering,

A photoresist layer is formed © cover the common electrnde 570, The

photoresist {ayer is patterned o form spacers 350, The height of spacers 530 iz



preferred to be § ~ 10 pm, and the hardness of spacers 550 is preferred to be 2H ~ 4H
{penct] hardpess) o maintain 3 constant value of the cefl gap. A material of the
photoresist is, for example, gorvhic resin or epoxy resin such as OPTMER NN 300 or
OFTMER NN7GO solt by JSR Company.  For example, the patterning method
comprises photolithography or exposure followed by enching,

in Fig. SC, the first subsate 300 and the second substrate 386 are porallel
agsernbled together, and the pixel electrodes 340 and the spacers 338 are located
berween them.  The lateral side of the cell gap between the first substrate 500 and the
second suhstrate 580 is sesled except reserving an apening {not shown in the Fig 5C)
for Houid erysial injecting.

Liqud crystal is injected into the cell gap between the frst substrate SO0 and the
second substrate 380 frome the lateral opening o form 2 higuid cevatal layer 360, The
opendng is seaded.  The process of manufacturing TFT-LCD is completed.

From smbodiment § described above, the bisck matrix and the color fittes layer
are moved 1o TFT substrate o form a color filter on TFT (COT) soucnure. Because all
precise alignmenss are done on the TFYT subsuate, oo aligament considecations are
needed when the st substrate and the second substrate are assembled.  Henge the
COT struchure can largely increase the produstion yield; moreover, it can be applied on
the production technigues of fourth gensration or above.

Besides, the locations of photoresist spscers are also moved fom the first
substrate 1w the second substrate 25 Embodiment 4 1o reduce the production yiekd burden
of the first substrate.  The process window of the assernbly step §s about 18 - 20 .
However, the process window of the 3.5% geperation of LCD is oniy about 4 - 5 pm.

‘Therefore the final production yvield iy still remained or even increased.

It will be appatent to those skifled in the s that vantons modiBications and
variations can be made 1o the grusture of the presend invention without depastinig from
the scope or spirhh of the invention.  in view of the foregoing, 1§ intended tal the
present invention cover modifications and variations of this invention provided they fail

within the scope of the following claims and their cguivalems.

A
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The accompanying drawings are included to provide s further understanding of
the mvenson, and are incorporated w1 ang consutite a part of this specification.  The
drawings lustrate embodiments of the inveation and. together with the description,
seeve o explain the principies of te invention.  In the drawings,

Figs. 14 - 1D are cross-sectional views schemaiically Hlusteating a fabrication
process for forming 8 thin 8w wansistor liquid crystal display aceording 1 a first
preferred entbodiment of this invention;

Figs. ZA - 2D are cross-sectiona] views schematcaly dlustrating 3 fabrication
pricess Tor forming & thin film tansistor Louid crystal display sceording to 8 secand

preferred erabodiment of this inventon;

Figs. 34 ~ 3B are cross-sectional views schematically ilustrating « fabrication
process for forming a thin Bl mansigtor liquid ceystal display according o a thind
preferred srbodiment of this inveniion;

Figs 4A — 4D ae cross-sectional views schematically lustrating a fabricaton
process for forming = thin Bim transistor Hgud wrystal display according 10 & fourth
preferred embodiment of this invention: and

Figs. 5A - 5C are cross-sectionsl views sehematically tHustrating a fabrication
process for forming a thin film teansistor fquid crymal display acontding to 2 8Rb

preferced srabodiment of this invention
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Lxpad erystal display (LCD) structures and methods for forming the same.
The black matrix and the celor filter Jayer of the LUD are moved from colot fiter
subsirate to TFT substrate 1o form & color Glier on TET {COTY strusture. Hesides, the
spacers are composed of photoresist or color photoresist can be fosated o portians of

arzas covered by the black matrix o maximize the aperture ratio.
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